III this paper i� presented an abstract theory of quan tum proces�ors and controllers, sp ecial kind of quan tum computational network defined on a composite quantum system with two parts: the controllillg and cOlltrolled suhsystems. Such approach formaJly dif fer� from consideration of quantum control �; some cxternal influence on a system using some set of Hamiltonians Ol' quantum gates. The model of pro grammed quantum controllers discussed in present paper is based im theory of "universal determinis tic quantum processors (programmable gate arrays). Such quantum devices may "imlliate arbitrary evolu tion of quantum system and so demonstrate an ex ample Df universal quantum {;onl;roJ.
Introduction
Let U� consider simple example of control using a Hilbert space of composite quantum system with two pmts:
(1)
Here Hd i� a .Hilbert space of quantum sy�tem COIl �idcred as da,ta, (controlled variables, subject of con trol) alld He is Hilbert space of contr'ol ("mallager", program of changes). The approach is close analogue ,)i' conditional qnantum dynmnir:s 11].
It. is possible to start 'Nith classical example with re (quantum bits) and yet another quantum gate with two qubits is controlled-U gate . [2] , when quantum gate U is applied to second qubit if first one is 11) (Ia) is notion for state of qubit in Dirac notation), hut if first qubit i� 10) then second one is unchanged.
It is possible to write contmlled-U as 4 x 4 matrix:
where U'j are components of quantum gate for Sec ond qubit, Le., 2 x 2 matrix U.
To describe development of the idea, programmable quantum gate armys are used in Sec. 2. Such quan tum devices also are called quantum processors, but may be used as quant'urn controller'S a� well, it is dis cussed ill Sec. 3. More formal mathematical descrip tion of progmmmable quantum controllers provided in Sec. 4 . Universality of quantum computatiolls and control are hriefly recollected in Sec. 5. Some discul:< sion on universal control with continuous quantum variables is presented in Sec. 6.
Programmable quantum gate arrays
It is possible to use decomposition Eq. (1) above for simplest Case with two qubits) . Here the quantum laws have serious implications denoted al ready in [3] : any two state� of "program" (fir�lt, con trol register) must be orthogonal, i.e., maximal :num bel' of different operators Uc availiable for applica tion to second, controlled system is equal to dimen sion of Hilbert space He, i.e. , for universal control dim 'He "-� 00, because number of different quantum gates b infinite.
To explain this result, let us consider two different "control strategies" IA) and IE)
but because Ctrl is unitary operator, it may not change scalar product of two vectors, i.e., (AlB) = (A'IB') (wlu�uBlw) (4) In Eq. (4) (AlB) and (A'iB') are fixed numbers, but foruA;f: UB term (wlu�u8Iw) depends on 1\)1). But Eq. (4) must be satisfied for any Iw) and so
i.e., states corresponding to different programs are (Jr"lhogonal.
For example even for one controlled qubit, setof all possible gates may be described by continuous ihree dimensional family, i.e., even for this liimple case with dim Hd = 2, for universal control it is necesslJ,ry to have dim He = 00 with control register described :J hy three continuou s quantum variables (C� Such quantum processor does not produce correct answer each time, but provides special "check bit" displaying if answer is correct or not. If answer is not correct, it is suggested to perform calculations again and again. Probability of correct answer is re duced with size of data register and increases with number of tries.
Seems idea of stochastic quantum processor quite in teresting, but ha:; lot of problems, for example it is not even clear if it is possible to use composition of such net . works for few-steps process due to un specified time of each step and it is certainly some problClJ\ "for application of :iuch syst.em as quantum controllers. 1t is also not quite clear, if it j:; always postiible to "discard" incorrect· result of actioll for general controller and start all again.
III EldcJition, the "jdeallimit" of such design resembles non-pos�ihle linear (but non-unitary) operator dis cussed earlier and it i� similar with some other known models of quanty.m systems ("relaxation" gate, "in stantaneous ' :' ,red uction, etc.), then balance between "arduous" and "impossible" is too fine and linked with deep prilblems of qUilnturn mechanics.
J\ llyway, the idea of stochast ic gates seems useful, for (6) where Uk are ri x n matrices and it is convcnient to choose Uo = 1 ("no operation"). It is cxample of conditiomd quantum dynamics described in [lJ and using Dirac notation it may he rewritten as [ll CUI = 10)(01 @uo +-11)(11 @ Ul +...
(7)
Such approach may be appropriate for simple quan tum controller, but for more difficult operations it is reasonable to consider an advanced design [10, 11] of quantum processor that can be used as a p7'O grarnmable quantum controller. Instead of two �ys tems Eq, (1) here is used de�ign with three "buses"
(8)
Here Hp, He, 'H.r1 are Hilbert spaces of program, con troller and data, or pseudo-classical, intermediate and quant1J.m buscs respectively (see Fig 1) .
The idea is to use composition of two operators. and element IK) of mP-dimensional Hilbert space 'H.p <19 'He may be described as (9) and "progr am" is simply operator of cyclic shift (10)
Finally, for p steps of the progr'ammable quantum con troilcrwith cyclic ROM (C'Z:'�), it is possible to write and because set of operators Uk contains identi ty (unit), it is possible to implement any sequence with up to p operators using different programs IK).
OIle problem here is huge size of program register. A method to reduce the size is to use instead of shifted array more complicated algorithm for generation of indexes. For example, instead of each sequence of n equivalent indexes k it could use pair (n, k). It should he mentioned yet, that only reversible algorithms are appropriate here due to common principles of quan tUlIl computations -otherwise dynamics would not be unitary_ Really there are some methods of auto matic conversion of any algorithm to reversible one, but in such a case each step generates a "garbage" and size of program register may be even higger, than
863'
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Figure 1: Design of programmable quantum controller with three buses (cf [11)).
for ROM, So the area is related with classical theory of optimal reversible computations,
On the other hand, it was already mentioned em'lier, that all states of program register are orthogonal.
It is not necessary to use superposition of different states. It was a reason to call the register "pseudo classical." Such systems may be more simple for im plementation [19] and so problem with size may be Hot sllch es�ential, as for data register.
Yet another advantage of such pseudo-classical pro gram register is possibility to use "halt bit" and al goritluns with vari::tble length, It is mentioned here, hecause such an opportunity is not very common for gcm€ml quantum algori thms due to quantum paral lelism and int.erference of different brunches. On the other hand , such quantum description has some difficulties, because despite of pseudo-classical character of program register, it is anyway some spe cial kind of quantum system. It is not look reason here also possible to use in case of eont.rol described by continuous quantum variables. For sueh a case direct sum in Eq. (7) should be changed to direct.
integral [14] . For Silch a system quantum control variables are continuous, but controlled system is de �cribed by finite-dimensioIH�l Hilbert space. It is par ticular cal;e of hybrid quantum computing (2GJ.
Here psendo-classical charl'.cter of prog�urn bus pro vides some simplification. It may be described using classical terms and it is ill agreement with relative success of usual semiclassical description of quantum controL But inte1medi. ate and quantum buses may not he considered using ollly claHsicai ideas. Here intermediate bus could provide some challenge as an "interfa.ce" between classical and quantum world.
In presented approach it is not so critical, because pseudo-classical b1tS is also described as a quantum system and was called so due to "recommendation" to use here only orthogonal set of states. It is princi pally possible to apply any superposition of states to such "pseudo-classical" bns, but in such a case state� of control and controlled syt;tem b!)came entangled af ter application of Ctrl Eq. (el) and it is not considered Here controlled system is anyway tinite-dimensional and orily some subset of controlling variables de scribed by infinite-dimensional Hilbert space. Inter esting question is p roblem cof universal c{)ntrol of con tinuous variables. Such models were described yet only in semiclassical approach to quantum compu- It is clear from previous consideration, that it is sim pler to use some analogue of universality in approx imate sense for control of quantum continuous vari ables -it was discussed earlier, dimension of Hilbert .space JOT' universal control must coincide with cardi nality ("number of points") in Hilbert space of con trolled system and so for controlled system with con tinuous variables (C'Z";) such idea would produce very different problems related with mathematical theory of infinite cardinal numbers.
So, (precisely) universal control of N-dimensional system is possible using continuous quantum vari ables (C'Z"N)' but quite likely, that control of contin uous quantum system (C""�) may be universal only in approximate sense. On the other hand, distinc tion between approximate and rigor universality in l ast case has rather theoretical significance, because it is not clear, how to find a difference between such C'Z"oo-eontrollers during any finite amount of time.
Anyway, hoth t asks discussed below are difficult and out of scope of presented paper .
III additio n , mon� accurate consideration of models of qUHntl1m computations and control with continu ous variables is not complete without necessary at tention to principles of quantum field theory. This difficult area is still in state of development, espe cially because correct description of quantum fi elds is possible only usiug relativistic theory [28, 29, 30] .
